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Abstract 
 
The results of investigations on knocking out temperature of  CuSn10, CuSn5Zn5Pb5 and  AlSi11 castings vacuum prepared in gypsum 
moulds. The experimental castings were prepared in form of rings of diameters ø 30, 20 and 10 mm, width 10mm and wall thickness 
g= 0,6; 0,8; 1,0 and 2,0 mm respectively. Casting temperatures were  1120 and 1200 for bronzes and 700 and 800 ºC for silumin. The  
crack sensitivity of the rings was evaluated. 
It can be stated, on the base of the tests, that casting should be knocked out as soon as possible after pouring basin crystallizes. In case of 
tested  castings  the  limiting  dimensions  of  the rings are diameter ø 30 mm and and thickness  g=0,8 for  CuSn10. Castings made of 
CuSn5Zn5Pb5 and AlSi11 do not reveal the crack sensitivity. 
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1. Introduction 
 
The important problem of the casting in plaster moulds is the 
time after which the cast can be removed from the mould. Three 
factors influence it: 
  casting crystallization, which is relatively slow because of 
the mould temperature and low temperature conductivity of 
the plaster [1 ], 
  moment of cast knocking out by immersing in cold water, 
which  must  be  carried  out  in  relatively  high temperature  
(too chilled mould knocks out worst, the cold one requires 
mechanical  knocking out) 
  shrinkage  difference  between  mould  and  cast  materials 
causes compressive stresses in the cast what causes cracks 
mostly in thin parts of the mould[2 ]. 
 
Determination  of  knocking  out  conditions,  thus  casting 
temperature  or  mould,  or  the  time  from  pouring  moment,  is 
especially important for industrial castings, typically bigger and 
more complicated than typical jewelry artifacts.  
 
 
2. Methodology 
 
The  goal  of  the  researches  was  to  determine conditions of 
vacuum  plaster  mould  casts  knock  out  dependently  on  mould 
temperature tf and cast alloy temperature tzal. 
 
2.1. Materials 
 
a)  jewellery plaster bonded investment powder Gold Star XL 
by Hoben of following properties [3]: 
  water/gypsum ratio for  ø 120 mm – W/G=0,40 
  setting time:     start: twp=16’20” 
finish:twk=18’00” 
  bending strength after 2 h      Rg
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b)  jewellery plaster bonded investment powder Prima Cast by 
WhipMix of following properties [3]: 
  water/gypsum ratio for  ø 120 mm     W/G=0,40 
  setting time :  start:   twp=17’40’’ 
finish:twk=20’00’’ 
  bending strength after 2h      Rg
u=1,1 MPa. 
c)  model wax (green) by Vigor in form of sheets of thickness  
g=0,8; 0,6; 0,5 mm, 
d)  jewellery injection wax  (green) by Castaldo for model slips 
preparation of thickness g=1,0 and 2,0 mm and rods of  ø 10 
and  ø5 mm. 
e)  distilled water, 
f)  CuSn10  bronze  of  chemical  composition  Sn=10,24%, 
Pb=0,537%, Zn=0,345%, Ni=1,64%, Sb=0,122%. 
g)  CuSn5Pb5Zn5 bronze of chemical composition Sn=4,66%, 
Pb=5,93%, Zn=5,46%, Ni=0,988%, Fe=0,133%. 
h)  near  eutectic  silumin  AlSi11  Si=10,89%,  Fe=0,648%, 
Mn=0,311%, Mg=0,142%, Zn=0,0488%, Ti=0,0509%. 
 
2.2. Research methods 
 
2.1.1. Mixing the slurry 
The  slurry  was  prepared  in  vacuum  mixer  „St.  Louis”  82 
according to following procedure: 
  pouring weighted dry plaster powder into the mixer chamber, 
  degassing during 120 s, 
  delivery of measured amount of distilled water, 
  mixing  under vacuum during 210 s at rates n=150￷350 rpm. 
  pouring the mass into the tube (inside the vacuum chamber).: 
 
2.1.2. Experimental  wax pattern 
The experimental pattern representing typical casts of closed 
character (in form of thin walled rings). The model consisted of  
12 rings of dimensions d=10, 20 and 30 mm and thickness g=0,6; 
0,8; 1,0 and 2,0 mm. The rings were mounted to common sprue 
creating so called „tree” .(Fig. 1). 
Rings were formed of wax slips shaped in special device.. 
 
2.1.3. Experimental  mould 
A.  Mould preparation 
Experimental  moulds  were  prepared  in  heat-resisting  steel 
perforated  cylinders  of  dimensions  ø100x220  according  to 
following procedure: 
  mounting the experimental model on the rubber base, 
  mounting the cylinder in the base seat, 
  placing the cylinder with the pattern in the pouring chamber 
of the  „St. Louis 82” mixer, 
  pouring,  under vacuum,  the liquid plaster slurry into the 
cylinder, 
  removing the mould from the mixer chamber, 
  setting and preliminary drying of the mould under ambient 
conditions during 2h. 
 
After preliminary drying the hole of dimensions ø2x80 mm 
was drilled for thermocouple mounting measuring temperature of 
cast alloy. The hole was drilled in the axis of rings ø30 and was 
positioned by previously prepared markings. 
 
 
 
 
 
Fig. 1. The pattern researches of the most favorable knocking out 
temperature 
 
B.  Heat treatment. 
 
Dried moulds were baked in box-type resistance furnace  APE 
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Fig. 2. The scheme of CuSn5Pb5Zn5 and CuSn10 bronzes 
experimental moulds heat treatment  
 
 
Fig. 3. The scheme of silumin AlSi11 experimental mould heat 
treatment  
 
2.1.4. Experimental  castings preparation 
Examined  alloys  were  melted  in  Vacuum  Pressure  Casting 
Machine VC 500D Indutherm in argon atmosphere. 
Experimental  castings  were  prepared according to following 
procedure: 
  Castings  of  CuSn10  and  CuSn5Zn5Pb5  bronze: 
melting and overheating to temperatures, respectively, 1120 
and 1200ºC. 
 
  Castings of AlSi11 silumin: 
melting and overheating to temperatures, respectively, 700 
and 800ºC. 
 
  Next operations were making the same for all alloys: 
 
  removing  of  hot  mould  from  the  furnace  APE  800  and 
placing it in the caster chamber, 
  checking mould temperature in the canal of sprue, 
  closing  the  chamber  and  degassing  the  mould  in  vacuum  
during 90 s, 
  casting the mould  (from bottom-pour stopper crucible in 
argon atmosphere), 
  casting solidification during  120 s  
  removing the cast mould from the chamber, 
  mounting  K  type  thermocouple  in  the  drilled  ø2x80 mm 
hole 
  waiting  for  90-300sec  for  final  crystallization  (time 
dependent on the pouring basin volume and lab conditions 
and was set experimentally) 
  immersing the mould in water to remove the cast, 
  cleaning  the cast by high pressure water cleaner, 
  drying in the flux of hot air, 
  polishing the casts by glass balls ø0,125 mm. 
 
 
3. Preliminary investigations 
 
For the sake there are no detailed information in the literature 
(in  casting  machines  manual  only  the  statement  „after  cast 
solidification”    appears)  the  preliminary tests to determine the 
detailed field of researches were carried out. 
Testing range for  CuSn10 and CuSn5Zn5Pb5: 
  cast temperature: tzal=1140ºC, 
  mould temperature: tf=500, 550, 600ºC. 
 
Test range for AlSi11: 
  cast temperature: tzal=750ºC, 
  mould temperature: tf=200, 250, 300ºC. 
The model described in  p.2.1.2. was used. 
The  mould  temperature  was  measured  by  K-type 
thermocouple of diameter  1,5 mm in the hole ø2x80 mm. 
The results of measurements showed that the temperature of 
tested moulds increases significantly after casting , about 15￷25% 
for bronzes and even 46% for silumin (Table 1 and 2), and the 
higher  and  more  intensive  increment  occurs  for  colder moulds. 
This process is a reason the shaped cavity widens. [4,5].  At the 
same  time  cooled  down  cast  shrinks  intensively.  This  causes, 
especially in case of gypsum cores, a significant collision of these 
two  phenomena  what can cause the cast cracking [2]. The low 
flexibility  of  set  and  treated  plaster  mix  intensifies  mentioned 
phenomena. 
The  cracks  appeared  especially  in  case  of  rings  of  bigger 
diameter  and  low  thickness  made  of    CuSn10.  The  longer 
presence of the cast in the mould the more intensive cracking was 
observed,  occurring  also  in  rings  of  thickness  g=0,8mm, 
sometimes  made  of  CuSn5Zn5Pb5.  The  AlSi11  cast  never 
cracked because of higher plasticity of silumin and lower plaster 
mould  expansion  in  temperature  between  200  and  300°C.
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Table 1.  
Mould temperature tf in bronze cast case 
Material  CuSn10  CuSn5Zn5Pb5 
Pouring temperature, tzal, °C  1140  1140 
Initial mould temperature, tf, °C  600  550  500  600  550  500 
Maximum  mould  temperature 
aftertime τm, tfmax  694 / 4'30"  663 / 5'  625 / 6'30"  692 / 5'  658 / 5'30"  623 / 7' 
Time  of  return  to  initial 
temperature, τk 
13'  13'30"  15'30"  13'15"  13'45"  15'45" 
 
 
Table 2. 
Mould temperature  tf in silumin cast case 
Material  AlSi11 
Pouring temperature, tzal, °C  750 
Initial mould temperature, tf, °C  300  250  20 
Maximum mould temperature after time τm, tfmax  345 / 7'  312 / 8'  292 / 8'30" 
Time of return to initial temperature,, τk  17'30"  26'30"  35'15" 
 
 
Presented results strongly revealed that the cast must be knocked 
out Just after solidification process ends to avoid over extension.  
It is relatively hard to realize because thermocouple position 
measuring cast temperature as well as mould itself, is troublesome 
in  typical  jewellerymould  because  of  very  dense  packing  of 
patterns  inside.  The  only  way  to  control  temperature  is  its 
measurement in the pouring basin with use of contact gauge. It is 
as credible as basin solidifies last in case of thin walled casts.  
 
 
4. Principal researches 
 
Taking  into  account  the  preliminary  research  results,  the 
influence of casting temperature  tzal and mould temperature tf on 
the  crack  sensitivity  of  casts  instead  of  optimum  knock  out 
temperature. 
Test range parameters for CuSn10 and CuSn5Zn5Pb5: 
  casting temperature: tzal=1120, 1200ºC, 
  mould temperature: tf=500, 600ºC. 
Test range parameters for  AlSi11: 
  casting temperature: tzal=700, 800ºC, 
  mould temperature: tf=200, 300ºC. 
The pattern and the temperature measurements were applied 
as for preliminary researches. 
The  cast  was  knocked  out  in  accordance  with  conclusions 
arising from preliminary tests, in the shorter possible time.It was 
found to be 210-420 seconds dependently on the casting material, 
pouring  basin  volume  ,  pouring  temperature  and  mould 
temperature  and  it  was  determined  experimentally   by contact 
thermo element.  
The Real knock out temperature was: 
-  CuSn10 and CuSn5Zn5Pb5                - t w = 600ºC 
-  AlSi11                                                  - tw = 400ºC 
 
 
5. Discussion 
 
In  case  of  experimental  castings  made  of  CuSn10  bronze 
cracks appeared only in rings of diameter ø30 mm and thickness  
g=0,6 mm, cast at temperature  tzal=1200ºC independently on the A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  Is s u e  4 / 2 0 1 1 ,  9 7 - 1 02                                   101 
mould temperature. In castings of dimensions ø30 mm, g=0,6 mm 
cast  attzal=1120ºC  crack  also  appeared  but  randomly  and 
independently on mould temperature. 
The rings made of CuSn5Zn5Pb5 never cracked irrespectively 
of temperature of the mould and cast material. 
Above presented results do not fit those obtained for strap 
castings where CuSn5Zn5Pb5 cracked more often. It is probably 
the result of occurrence of long, thin strap cavity which heats up 
more  than  ring  cavity  because  of  longer  flow  of cast material. 
This is the reason the CuSn5Zn5Pb5 straps stay liquid longer than 
CuSn10 ones of higher solidification range and thus they are more 
crack  sensitive[2].  Inside „short” ring cavities this phenomenon 
does  not  occur,  so  the  higher  cracking  probability  is  for  less 
plastic CuSn10. 
Silumin  rings  never  cracked  independently  on  the  cast  or 
mould  temperature  or  dimensions,  what  was  a  result of lower 
pouring  temperature,  lower  mould  temperature  and  high  er 
plasticity of the material.  
6. Conclusions 
 
Analysis  of  the  research  results  allow  to  formulate  following 
conclusions: 
1.  The castings must be knocked out just after pouring basin 
solidifies. 
2.  For  tested CuSn10 bronze castings the limiting dimension 
of closed cast, is the diameter dmax=30 mm of wall thickness 
gmin=0,8 mm. Analogous CuSn5Zn5Pb5 bronze castings can 
be prepared with wall thickness g=0,6 mm, without the risk 
of cracking. 
3.  Silumin  castings  in  the ring shape can be prepared in the 
whole range of tested parameters without risk of cracking. 
 
 
 
0
 
Fig. 4. Examples of experimental castings: a,b – tzal=1200ºC, tf=500ºC (the crack in ring ø30 mm, g=0,6 mm can be seen, in  CuSn10);  
c – tzal=800ºC, tf=300ºC. 
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